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[Identification of the Document] 

Specification 
[Title of the Invention] 

MULTILAYER PRINTED CIRCUIT BOARD 
AND METHOD OF PRODUCING THE SAME 

[Scope of Claims for Patent] 
[Claim 1] 

an e.c^^ - 

nn «♦ i- ♦ c °nductor circuit is provided with a roughened laver 
on at least a part of the surface thereof and the surface of th- 

[Claim 2] 

wh^- mult i la y er Panted circuit board according to claim 1 
[Claim 3] 

■ .u A multi,a y er Printed circuit board accordinq to claim 1 

?h h :.xjs: r zT nea layer is a p,a,ed ,ayer ° f ~p"-^-'- 

[Claim 4] 

A method of producing a multilayer printed circuit hnarH 

electrolytic plating, removing the plating resist formino a 
conductor circuit comprised of an electroless piateT ilm and an 
electrolytic plated film by etching, further forming a roughened 
layer on at least a part of the surface of the conductor circuit 
covering the surface of the roughened layer wi h a met la 'r 
hav,ng an ionization tendency of more than copper I t I than 
.tan u m or a noble metal layer, and thereafter forming an 
interlammar insulating layer. 9 an 

[Claim 5] 

accordinalo^m / P h roduci ?9 3 multilayer printed circuit board 
according to claim 4, wherein the roughened layer is formed by 
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plating of copper-nickel-phosphorus alloy. 
[Detailed Explanation of the Inventionl 
[0001] 

[Technical Field where the Invention belongs to] 

This invention relates to a multilayer printed circuit board 
and a method of producing the same, and more particularly to a 
multilayer printed circuit board which can control the occurrence of 
cracks in the heat cycle without the degradation of peel strength 
and prevent the dissolution of a conductor circuit caused by 
roughening of an interlaminar insulating layer, and a method of 
producing the same. 
[0002] 
[Prior Art] 

Recently, the so-called build-up multilayer wiring boards 
are in demand for high densification of multilayer wiring boards 
This build-up multilayer wiring board is produced, for example by a 
method as described in JP-B-4-55555. That is, an insulating 
agent composed of a photosensitive adhesive for electroless 
plating is applied onto a core substrate, dried, exposed to a light 
and developed to form an interlaminar insulating layer having 
openings for viaholes, and then the surface of the interlaminar 
insulating layer is roughened by treating with an oxidizing agent or 
the like, and a plating resist is formed on the roughened surface 
and thereafter a non-forming portion of the plating resist is 
subjected to an electroless plating to form viaholes and conductor 
circuits, and then such steps are repeated plural times to obtain a 
build-up multilayer wiring board 
[0003] 

[Problem to be solved by the Invention] 

However, in the thus obtained multilayer printed circuit 
board, the conductor circuit is formed on the non-forming portion of 
the plating resist and the plating resist remains in the inner layer as 
it is. 3 

If IC chips are mounted on such a wiring board, the board 
warps by difference of a thermal expansion coefficient between the 
IC chip and the insulating resin layer in the heat cycle to 
concentrate stress into a boundary portion between the plating 
resist and the conductor circuit due to poor adhesion therebetween 
and hence cracks are generated in the interlaminar insulatinq layer 
contacting with the boundary portion. 

Moreover, there is found a problem when an interlaminar 
insulating layer is roughened that the surface of the conductor 
circuit is dissolved by local electrode reaction. 

The invention is to solve the problems unsolved by the 
conventional technique. An object of the invention is to prevent 
generation of cracks of the interlaminar insulating layer in the heat 
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cycle without degrading other properties, particularly peel strength 
[0004] 

[Means for solving the Problem] 

follows P ° int construction of the invention are as 

in« lll t mU,t , i ' ayer Print6d ° irCUit board b * formina an interlaminar 
msulat.ng layer on a substrate provided with a conductor circuit 

on ♦ characterized in that the conductor circuit is comprised of 

an electrons plated film and an electrolytic plated film, and 

on ot . I condu r ctor cir cuit is provided with a roughened layer 

on at least a part of the surface thereof and the surface of the 

roughened layer is covered with a metal layer having an ionization 

me n taMa^e 0 r ^ ^ bUt ,6SS than ^anium 9 o\ a nobte 

[0005] 

<2> In the circuit board described in item ft), the conductor circuit is 
proved with a roughened layer on at least a part of the side face 

d The roughened layer described in item d> is a plated layer of 
copper-nickel-phosphorus alloy 
[0006] y ' 

<3> A method of producing a multilayer printed circuit board 
f?rm'i ) n r, o Sm9 , St , ePS 0f sub J ec tin9 a substrate to an electroless plating 
Z^ rnVr P 3 '?- 9 r6S,St th6reon ' sub J' e cting the substrate to an °' 
electro lytic plating, removing the plating resist, forming a 
conductor circu.t comprised of an electroless plated film and an 

?ave C f 0 ° y t C , Plat f " fi ' m t bi ; etChin 9' further f °"n P ing a roughened 
layer on at least a part of the surface of the conductor circuit 
covering the surface of the roughened layer with a metalTayer 
having an ionization tendency of more than copper but less than 
.taniurn 0 r a noble metal layer, and thereafter forming an 
interlaminar insulating layer. 

@ The roughened layer described in item <$ is formed by the 
Pjating of copper-nickel-phosphorus alloy. 

The printed circuit board according to the invention is a 
multilayer printed circuit board formed by laminating an 
interlaminar insulating layer on a conductor circuit of a substrate 
a n 0 , ♦ characterized in that the conductor circuit is comprised 'of 
an electroless plated film and an electrolytic plated film and 

a roughened layer is formed on at least a part 'of the 
surface of the conductor circuit 
[0008] 
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n.o* „r, The J conductor cir cuit is comprised of an electrolytic 

d ated ! m 3n f e i eC ! r ° ,eSS P ' ated fi,m ' and the electroless 
p ated film is located at an inner layer side and the electronic 

F a ^ a ; h 3n ° Uter ,a " er side («•• eSl! Oed v2w. of 

Fig. 18 and Fig. 19). The electrolytic plated film is softer anri 
more malleable than the electroless plated film so that the 
conductor c.rcuit is able to follow size change of the in erlaminar 

he" ct'cTe Tnd !S£l °' ^ b ° 3rd ' S ^ 

r«ni V * ' Ce the rou 9 hen eci layer is formed on the 

conductor c.rcuit, the conductor circuit is strongly adhered to the 
mtenam.nar msulating resin layer and is more Lsy to foMow size 
[0009? ,nter 'aminar insulating resin layer. 

with an lr T ^ h h e • ref0r ^ 6 I en Wh6n the printed circuit board ^ mounted 

9^ £ P 3 sub J ected to a heat cycle test under -55°C 
Tlin f ' occ ; urren ce of cracks in the interlaminar insulating 

^Z^l^ C ° ndUCt0r CirCUit Can be control.."-, 

?001of nCe Pee ' Stren9th iS neVGr lower ed 

Because the higher the hardness of the portion contartinn 
with an mterlaminar insulating layer and located in the inner layer 

* roughenTdTrface), 

ln».n«„ More ° ver . according to a producing method of the 
produced SU * mulma * er P rinted circuit board can easily be 



produced. 
[0011] 



Furthermore, JP-A-6-283860 discloses a tPrhnim.* «f 
removing the plating resist in the inner Fayer and providing a 
roughened layer of copper-nickel-phosphorus on the surface of the 
conductor circuit composed of an electroless plated film to prevent 

he h a a m t l " ar | Pe t e,i ^' ° Ut neV6r n0tices about "racks caused^when 
the heat cycle test is actually carried out after the mounting of iS 

chip, and merely discloses a conductor circuit composed of only 

out a"55 0 4 e !l2 P 5^ e ? S6 L m r and * test ,°s carried 

outai D5C-125C (see Comparative Example) the crackino not 
observed in about 1000 cycles, but when the% y cle numb exceeds 

d,fWn yC 6S ' C :, aCkin9 iS observed - Therefore this is ent reTy 
different from the present invention y 
[0012] 

The roughened layer of the invention is desirably a 
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roughened surface of copper formed by an etching treatment a 
polishing treatment, an oxidation treatment or a r?d« treatment or 
Plarg h « e r ra?men? Ce °' * P " tod fi,m ""^ ^i'C.lngtT ' 

ano^ayeSpte^', 5^^^^ ^ " " 

a nH ■ B f | ca "se the alloy layer is a needle-shaped crystal laver 

FurZ?T" e y m "!! adh6Sion P r °P ert V t0 solder res s aye 
™„H,f I- ,f a s older bod y f °rmed on the alloy layer, 

onThe ^ pa^ 4 ' ar9e ' y Ch ' nfl "' 3nd the S0,der bod " '■ ^rmed 

The composition of the alloy layer is desirably 90-96 wt% 
of copper 1-5 wt% of nickel and 0.5-2 wt% of phosphorus 
Because the needle-shaped structure is obtained in such a 
composition ratio. 
[0014] 

Moreover, there is shown a triangular diaqram of three 

cwaW? ^""l? * COmDOsition of copper-nickeTp^sphorus 
capable of forming the needle-shaped crystal (Fig 1 8) The rann* 

S n b d . e e d ^ (CU ' P)=(10 °' °' 0) " (9 °' 10 > Oh (90 8 !o, IS) 6 " 096 
[0015] 

of on J* ' S desirable for tne oxidation treatment to use a solution 
and a ^mph 9 o a s 9 p e hate COmPriSin9 ^ ehlorito - h ~e" 
.ho i , Fur,n er, the redox treatment is carried out by immersina 

aft. the r a n h n V. 0lUt r. ° f ? diUm "V^oxide and sodium borehyZe 

aner the above oxidation treatment 

[0016] 

if the. *k- r ° Ughened la y er Preferably has a thickness of 1-5 urn 
If the thickness is too thick, the roughened layer itself is apt to be ' 

fowTrs 3 Pee ' ed ' WhMe lf " iS t0 ° thin ' the adhesion Xerty 
[0017] 

that «f „ AS th u metal having an ioniz at'on tendency not lower than 
that of copper but not higher than that of titanium there is at least 
one metal selected from the group essentially consistmg of ti anfum 
aluminum, zinc, iron, indium, thallium, cobalt, nickel, til lead and 

frnm » ho A * the n ° ble m6ta '' there is at least on e metal selected 
paTa^um ° UP 6SSentia " y consi ^ng of gold, silver, platinum and 

if thn T h6Se meta ' layers cover the roughened layer, and even 
if the mterlam.nar insulating layer is roughened, the local electrode 
reaction ,s prevented and the dissolution of the conductive 'circuit ,s 
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prevented. 

These metals preferably has a thickness of 0.1-2 pm. 

Among these metals, tin is preferable. Tin can form a 
thin layer through an electroless substitution plating and can 
advantageously follow the roughened layer. 

A thickness of the electroless plated film is preferably 
1 ~5 pm. If the thickness is too thick, the ability to follow the 
interlaminar insulating resin layer lowers, while if it is too thin the 
degradation of peel strength is caused and the electric resistance 
becomes large in the case of being subjected to an electrolytic 
plating to cause the scattering in the thickness of the plated film 
[001 8] 

Furthermore, the electrolytic plated film preferably has a 
thickness of 1 0-20 pm. If the thickness is too thick, the 
degradation of peel strength is caused, while if it is'too thin, the 
ability to follow the interlaminar insulating resin layer lowers. 
[00 1 9] 

In the invention, it is desirable that the roughened layer is 
formed on at least a side face of the conductor circuit. Because 
cracks generated in the interlaminar insulating resin layer due to 
the heat cycle result from the bad adhesion between the side face 
of the conductor circuit and the insulating resin laver 
[[0020] 

In the invention, it is desirable that an adhesive for 
electroless plating is used as the interlaminar insulating resin layer 
constituting the wiring substrate. The adhesive for electroless 
plating is optimum to be obtained by dispersing cured heat- 
resistant resin particles soluble in acid or oxidizing agent into an 
uncured heat-resistant resin hardly soluble in acid or oxidizinq 
agent through curing. 

The heat-resistant resin particles can be dissolved and 
removed by treating with an acid or an oxidizing agent to form a 
[002i nened surface of octopus-trap shaped anchors on its surface. 

In the adhesive for electroless plating, the cured heat- 
resistant resin particles are desirable to be selected from (3) heat- 
resistant resin powder having an average particle size of not more 
than 10 pm, <$ aggregated particles formed by aggregating heat- 
resistant resin powder having an average particle size of not more 
than 2 pm, ©a mixture of heat-resistant resin powder having an 
average particle size of not more than 10 pm and heat-resistant 
resin powder having an average particle size of not more than 2 pm, 
and (4) false particles formed by adhering at least one of heat- 
resistant resin powder or inorganic powder having an average 
particle size of not more than 2 pm onto the surface of heat- 



6 



resistant resin powder having an average particle size of 2~10 urn 

Because they can form more complicated anchor 

[0022] 

Next, a method of producing the printed circuit board 
according to the invention will be explained. 

(1) At first, a wiring substrate is prepared by forming an inner 

layer copper pattern on the surface of a core substrate. 

The copper pattern of the wiring substrate is formed by a 
method of etching a copper-clad laminate, or a method of forminq 
an adhesive layer for electroless plating on a substrate such as 
glass epoxy substrate, polyimide substrate, ceramic substrate 
metal substrate or the like and roughening the surface of the ' 
adhesive layer and subjecting the roughened surface to an 
electroless plating. 
[0023] 

If necessary, a roughened layer of copper-nickel- 
phosphorus is further formed on the surface of the wiring substrate 

The roughened layer is formed by an electroless plating 
The composition of the plating aqueous solution is desirable to 
have a copper ion concentration of 2.2X10" 2 mol/l, a nickel ion 
concentration of 2.2x10 3 ~4.1 X10" 3 mol/l and a hypophosphorus 
acid ion concentration of 0.20-0.25 mol/l, respectively. 

The film deposited within the above range is needle in the 
crystal structure and is excellent in the anchor effect The 
electroless plating aqueous bath may be added with a complexinq 

agent and additives in addition to the above compounds 
[0024] 

As the method of forming the roughened layer, there are 
the aforementioned oxidation-reduction treatment, a method of 
etching the copper surface along a grain boundary to form a 
roughened layer and the like. 

Moreover, through-holes are formed in the core substrate 
and the front and back wiring layers may electrically be connected ' 
to each other through the through-holes. 

And also, a resin may be filled in the through-holes and 
between the conductor circuits of the core substrate to ensure the 
smoothness thereof (Fig. 1 ~Fig 4) 
[0025] 

(2) Then, an interlaminar insulating resin layer is formed on 

the wiring substrate prepared in step (1). in the invention, it is 

particularly desirable to use an adhesive for electroless plating as 

the interlaminar insulating resin material (Fiq 5) 
[0026] 

(3) After the formed adhesive layer for electroless plating is 
dried, an opening portion for the formation of viahole is formed if 
necessary. The opening portion for the formation of viahole is' 
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formed in the adhesive layer by light exposure, development and 
thermosetting in case of the photosensitive resin or by 
thermosetting and laser working in case of the thermosetting resin 

[0027] 

(4) m ^u ThGn ' epoxy resin P art 'des existing on the surface of the 
cured adhesive layer are dissolved and removed with an ac?d or an 
ox.d.zmg agent to roughen the surface of the adhesive layer (Fig 

*r.-.A ,* Her6 ' ff the acid ' there are Phosphoric acid, hydrochloric 
acid, sulfuric ac.d, and organic acid such as formic acid I acetic 
acid or the like, and particularly, the use of the organki aciS is 
desirable. Because, when it hardly corrodes the me al conductor 
layer exposed from the viaho.e by the roughening treatment 

on the other hand, as the oxidizing agent it is desirable 
or "honker 10 aCid Permanganate (POtassfum pepLngTna ,e 
[0028] 

(5) Then, a catalyst nucleus is applied to the wirina substrate 
prov.ded with the roughened surface of the adhesive layer 

use a noble met* ?? Ucatio " of the catalyst nucleus, it is desirable to 
use a noble metal ion, noble metal colloid or the like and in 

FmIh ■ pa ' ,adium chloride or Palladium colloid is used. Moreover 

nucl eu% S,rab As he^r 1 , 3 ^f" 9 tre8tm6nt f ° r fixin 9 the ^yst ' 
[0029] cata 'yst nucleus, palladium is favorable. 

(6) Then, the surface of the adhesive layer for electroless 

P a ted'f'fm on^H^'H 0 , 3 " fl^ 0 ' 688 p,atin 9 to ^rm an e.ec ro.ess 
plated film on the whole of the roughened surface (Fig. 8) The 

thickness of the electroless plated film is 1-5 urn, Lo?e preferably 

film (Fig. I)*"' * ' S f ° rmed 0n the e,e ctroless plated 

Hp5lr ^ s tne P'ating resist composition, it is particularly 
desirable to use a composition comprised of an acrylate of cresol 

a^en a h.?t r Phen °' eP ° Xy r68in and an ""Idazo • curing 

[003oj made ° f COmmercial, y available products. 

(7) Then a portion not forming the plating resist is subjected 
to an electrolytic plating to form conductor circuits and viaho.es 

copper p.a H tfng ' " ^ e ' eCtroless p,atin 9- ft desirable to use a 
[0031] 

fMm i, r^^Jj^ 5! atin 9. resis t is removed, the electroless plated 
film is removed by d.ssolving in an etching solution such as a 
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mixture of sulfuric acid and hydrogen peroxide, sodium persulfate 
ammonium persulfate or the like to obtain an independent 
conductor circuit (Fig. 11) 
[0032] 

(9) Then, a roughened layer is formed on the surface of the 

conductor c.rcuit (Fig. 12). As the method of forming the 
roughened layer, there are etching treatment, polishing treatment 
redox treatment and plating treatment. The redox treatment is 
conducted by using an oxidation bath (blackening bath) of NaOH 

NaOH in nm° 2 ( H 4 M 9 p'L a ^ N A 3P ° 4 (6 9/,) and « reduction bath of 
NaOH (10 g/l) and NaBH 4 (5 g/l). 

Furthermore, the roughened layer made from copper- 
nickel-phosphorus alloy layer is formed by deposition through 
electroless plating. y 
[0033] 

rM.f u the electr °'ess plating solution, it is desirable to use a 
plating bath of aqueous solution composition comprising copper 
sulfate: 1-40 g/l, nickel sulfate: 0.1-6.0 g/l, citric acid: 1 0-20 g/l 
hypophosph.te: 10-100 g/l, boric acid: 10-40 g/l and surfactant: ' 

f.'.rl" 3 Th e surface of the roughened layer is 

further covered with a metal layer or a noble metal layer having an 
ionization tendency of more than copper but less than titanium 
. 1 .. ' n case oftm . a solution of tin borofluoride-thiourea or tin 
ch oride-th.ourea is used. An Sn layer having a thickness of about 

nf \Zl Mm K. S m ^ d * hrou 9 h a Cu " Sn substitution reaction. In case 
of the noble metal, there may be adopted sputtering method 
vaporization method and the like 
[0034] 

(10) As an interlaminar insulating resin layer, an adhesive 
layer for electroless plating is formed on the substrate (Fig 1 3) 

(11) Further, an upper layer conductor circuit is formed bv 
repeating steps (3)~(8) (Figs. 14-17) 

[0035] 

«SL Th ? n ;, a c ° atin 9 film of a solder resist composition is dried 
a photomask film depicted with an opening portion is placed on the 
dried film which is subjected to light exposure and developing 
treatments to form an opening portion exposing a portion of the 
conductor layer serving as a pad portion. Here, the opening size 

nl!, °S^ ,ng P ° rti ° n may be made lar 9 er than th e diameter of the 

pad, and the pad may completely be exposed 

[0036] 

(11) Then, a metal layer of "nickel-gold" is formed on the pad 
[0037] n eXp0Sed from the °P enin 9 Portion. 

fl 2 2 *u Th6n ' 3 SOlder body is fed onto the P ad Potion exposed 
trom the opening portion. 
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rt f o cm ? 3 m f ° d 0f feedin 9 the so| der body, use may be made 
of a solder transferring method and a solder printing method 
Here, the solder transferring method is a method wherein a solder 
foil is attached to a prepreg and etched so as to leave only a 
portion corresponding to the opening portion to render into a solder 
carrier film having a solder pattern, and the solder carrier film is 
laminated so as to contact the solder pattern with the pad after a 
flux is applied to the opening portion in the solder resist of the 
substrate and heated to transfer the solder onto the pad. On the 
other hand, the solder printing method is a method wherein a metal 
mask having through-holes corresponding to the pads is placed 
[0038] SUbStrate and 3 S0lder paste is P rinted and heated. 

[Example] 
(Example 1) 

ilL AS 3 startin 9 ma terial, a copper-clad laminate obtained by 
laminating a copper foil of 1 8 u m on each surface of a substrate 1 

h^inn IJTh'? 888 6 ?o Xy resin ° r BT (bismaleimide triazine) resin 
having a thickness of 0.6 mm. The copper foil of the copper-clad 
laminate is etched in a pattern according to the usual manner 
which is pierced and subjected to an electroless plating to form 
the e subs^t C e° ndUCt0r ° irCUitS throu 9 h - holes on both sides of 

Further, bisphenol F epoxy resin is filled between the 
conductor circuits and in the through-holes 
[0039] 

iV /ox ■ The s L ubstrate formed the inner layer copper pattern in 
!l e E! wa f hed with water > dr ied, acidicly degreased and soft- 

etched, then, the substrate is treated with a catalyst solution 
comprising palladium chloride and organic acid to give a Pd 
catalyst, which is activated and subjected to a plating in an 

n ^ii°ifff S / )lat Jc 9 n*, com P risin 9 8 8/1 of copper sulfate, 0.6 g/l of 
nickel sulfate, 15 g/l of citric acid, 29 g/l of sodium hypophosphite 
31 g/l of bone acid and 0.1 g/l of surfactant and having pH-9 to 
form a roughened layer 5 (uneven layer) of Cu-Ni-P alloy having a 
thickness of 2.5 U m on the whole surface of the copper conductor 

[0040] 

(3) A photosensitive adhesive solution (interlaminar resin 

insulating agent) is prepared by mixing 70 parts by weight of 25% 
acrylated product of cresol novolac epoxy resin (made by Nippon 
Kayaku Co., Ltd., molecular weight:2500) dissolved in DMDG 

iu^hnit?p?: l 2? 0 i dlm ? t ^ yl ether)> 30 partS by wei 9 ht of Pdyether 
sulphone (PES), 4 parts by weight of an imidazole curing agent 

(made by Sh.koku Kasei Co., Ltd., trade name: 2E4MZ-CN) 10 

parts by weight of caprolacton-modified tris(acroxyethyl) 
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isocyanurate (made by Toa Gosei Co., Ltd., trade name: Aronix 
M325) as a photosensitive monomer, 5 parts by weight of 
benzophenone (made by Kanto Kagaku Co., Ltd.) as a 
photoinitiator, 0.5 part by weight of Micheler's ketone (made by 
Kanto Kagaku Co., Ltd.) as a photosensitizer, and further 35 parts 
by weight at 5.5 urn on average and 5 parts by weight at 0 5 urn on 
average of epoxy resin particles, adding NMP (normal methyl 
pyrohdone), adjusting a viscosity to 12 Pa-s in a homodisper 
agitating machine and kneading them through three rolls 
[0041] 

(4) The photosensitive adhesive solution obtained in step (3) 
is applied onto both faces of the substrate treated in step (2) by 
means of a roll coater and left to stand at a horizontal state for 20 
minutes and dried at 60°C for 30 minutes to form an adhesive layer 
6 having a thickness of 60 urn. 

(5) A photomask film depicted with viaholes is adhered onto 
each surface of the substrate provided with the adhesive layer 6 in 
step (4) and exposed by irradiation of ultraviolet ravs 

[0042] y ' 

(6) The exposed substrate is developed by spraying DMTG 
(tnethylene glycol dimethylether) solution to form openings for 
viaholes of 100 pm^ in the adhesive layer. Further, the substrate 
is exposed to a super-high pressure mercury lamp at 3000 mJ/cm 2 
and then heated at 1 00°C for 1 hour and at 1 50°C for 5 hours to 
form an adhesive layer of 50 urn in thickness having the openings 
(opening for the formation of viahole) with an excellent size 
accuracy corresponding to the photomask film. Moreover the 
mn?5f ned ' ayer ' S partial| y ex Posed in the opening for the'viahole. 

(7) The substrate provided with the openings for the viaholes 
in steps (5), (6) is immersed in chromic acid for 2 minutes to 
dissolve and remove epoxy resin particles from the surface of the 
adhesive layer, whereby the surface of the adhesive layer is 
roughened, and thereafter, it is immersed in a neutral solution 
(made by Shipley) and washed with water. 

(8) A palladium catalyst (made by Atotec Co., Ltd.) is applied 
to the substrate subjected to a roughening treatment (roughening 
depth: 5 urn) in step (7) to give a catalyst nucleus to the surface of 
the adhesive layer and the opening for the viahole 

[0044] 

(9) The substrate is immersed in an electroless copper 
plating bath to form an electroless copper plated film 3 having a 
thickness of 3 urn over the full roughened surface. 

Electroless plating aqueous solution 
EDTA 150 g /| 

Copper sulfate 20 g/l 
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HCHO 30 ml/I 

NaOH 40 g/| 

a , a '-bipyridyl 80 mg/l 

PEG 0.1 g/l 

Electroless plating condition 

liquid temperature of 70°C for 30 minutes 
[0045] 

(10) A commercially available photosensitive dry film is 
attached to the electroless copper plated film and a mask is placed 
on the dry film, which is exposed to a light at 100 mJ/cm 2 and 
developed with a solution of 0.8% sodium carbonate to form a 
plating resist 7 having a thickness of 15 urn 

[0046] 

(11) Then, an electrolytic copper plated film 4 having a 
thickness of 15 urn is formed by applying an electrolytic copper 
plating under the following conditions. 

Electrolytic plating aqueous solution 
copper sulfate 180 g/l 

copper sulfate 80 g/l 

additive (made by Adotech Japan Co., Ltd. 
trade name: Capalacido GL) 
1 ml/I 

Electrolytic plating condition 

current density 1 A/dm 2 

tirr »e 30 minutes 

temperature room temperature 

[0047] 

(12) After the plating resist 7 is peeled and removed with 5% 
KOH, conductor circuits (including viaholes) of 18 urn in thickness 
comprised of the electroless copper plated film and the electrolytic 
copper plated film 4 is formed by etching with a mixed solution of 
sulfuric acid and hydrogen peroxide, dissolving and removing the 
electroless plated film 3. 

[0048] 

(13) The substrate provided with the conductor circuits is 
immersed in an electroless plating aqueous solution comprising 8 
g/l of copper sulfate, 0.6 g/l of nickel sulfate, 1 5 g/l of citric acid, 
29 g/l of sodium hypophosphite, 31 g/l of boric acid and 0.1 g/l of 
surfactant and having pH=9 to form a roughened layer 5 of copper- 
nickel-phosphorus having a thickness of 3 urn on the surface of the 
conductor circuit. 

When the roughened layer 5 is analyzed by EPMA 
(electro- probe micro analyzer), it shows a composition ratio of Cu- 
98 mol%, Ni: 5 mol% and P: 0.5 mol%. 

Then, a Cu-Sn substitution reaction is carried out under 
the condition of 0.1 mol/l of tin borofluoride and 1 .0 mol/l of 
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thiourea at a temperature of 50°C and pH = l.2 to form a Sn layer 
having a thickness of 0.3 pm on the surface of the roughened layer 
(the SN layer is not shown). 
[0049] 

(14) An upper layer conductor circuit is further formed by 
repeating steps (4)~(12). 

[0050] 

(15) On the other hand, a solder resist composition is 
prepared by mixing 46.67 g of photosensitized oligomer (molecular 
weight: 4000) in which 50% of epoxy group in 60% by weight of 
cresol novolac epoxy resin (made by Nippon Kayaku Co. Ltd ) 
dissolved in DMDG is acrylated. 15.0 g of 80% by weight'of 
bisphenol A- epoxy resin (made by Yuka Shell Co., Ltd., trade 
name: Epikote 1001) dissolved in methyl ethyl ketone, 1.6 g of an 
imidazole curing agent (made by Shikoku Kasei Co., Ltd., trade 
name: 2E4MZ-CN), 3 g of a polyvalent acrylic monomer (made by 
Nippon Kayaku Co., Ltd., trade name: R604) as a photosensitive 
monomer, 1.5 g of a polyvalent acrylic monomer (made by Kyoeisha 
Kagaku Co., Ltd., trade name: DPE6A), 0.71 g of a dispersion 
defoaming agent (made by Sannopuko Co., Ltd., trade name: S-65) 
2 g of benzophenone (made by Kanto Kagaku Co., Ltd.) as a 
photoinitiator and 0.2 g of Micheler's ketone (made by Kanto 
Kagaku Co., Ltd.) as a photosensitizer and adjusting a viscosity to 
2.0 Pa-s at 25°C. 

Moreover, the measurement of the viscosity is carried out 
by means of a B- viscometer (made by Tokyo Keiki Co., Ltd., DVL-B 
model) with a rotor No. 4 in case of 60 rpm or a rotor No. 3 in case 
of 6 rpm. 
[0051] 

(16) The solder resist composition is applied onto the 
substrate at a thickness of 20 um. 

(17) Then, the substrate is dried at 70°C for 20 minutes and at 
70°C for 30 minutes and then exposed to ultraviolet rays at 1000 
mJ/cm 2 and developed with DMTG. 

Further, it is heated at 80°C for 1 hour, at 100°C for 1 
hour, at 120°C for 1 hour and at 150°C for 3 hours to form a solder 
resist layer (thickness: 20 pm) opened in the pad portion (openinq 
size: 200 pm). 
[0052] 

(18) Then, the substrate provided with the solder resist layer 
is immersed in an electroless nickel plating solution of pH=5 
comprising 30 g/l of nickel chloride, 10 g/l of sodium hypophosphite 
and 10 g/l of sodium citrate for 20 minutes to form a nickel plated 
layer 13 having a thickness of 5 pm in the opening portion. 
Further, the substrate is immersed in an electroless gold plating 
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solution comprising 2 g/l of potassium gold cyanide, 75 g/l of 
ammonium chloride, 50 g/l of sodium citrate and 10 g/l of sodium 
hypophosphite at 93°C for 23 seconds to form a gold plated layer 
having a thickness of 0.03 urn on the nickel plated layer 13 
[0053] 

(19) A solder paste is printed on the opening portion of the 

solder resist layer and reflowed at 200°C to form solder bumps, 

whereby there is produced a printed circuit board having solder 

bumps. 

[0054] 

(Example 2) 

In the same manner as in Example 1 in principle, but the 
roughening is carried out by etching. The trade name "Durabond" 
made by Meek Co., Ltd. is used as an etching solution. Further, 
an Au layer having a thickness of 0.5 urn is formed on the surface 
of the roughened layer by sputtering. 
[0055] 

(Comparative Example) 

A dry film photoresist is laminated on the substrate 
treated in steps (1), (2), (3), (4), (5), (6), (7) and (8) of Example 1 , 
and exposed and developed to form a plating resist. Then, after 
step (9) of Example 1 is carried out, the plating resist is peeled in 
the same manner as in step (12), the whole surface of the 
conductor circuit is roughened by step (13), further, the formation 
of an mterlaminar insulating resin layer, roughening treatment, the 
formation of plating resist and electroless copper plating are 
carried out, and after the plating resist is peeled, a printed circuit 
board having solder bumps is produced by carrying steps (15) (16) 
(17), (18) and (19) of Example 1. 
[0056] 

After IC chip is mounted onto each of the printed circuit 
boards of Examples and Comparative Example, heat cycle tests of 
1000 cycles and 2000 cycles under conditions of -55°C for 15 
minutes, room temperature for 10 minutes and 125t for 15 minutes 
are carried out. 

The occurrence of cracks in Examples and Comparative 
Example are confirmed by means of a scanning electron 
microscope. Further, the peel strength is measured. The peel 
strength is according to JIS-C-6481 
[0057] 
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[Table 1] 





1000 cycles 


2000 
cycles 


Peel 
strength 


Example 1 


None 


None 


0.6kg/cm 


Example 2 


None 


None 


0.6kg/cm 


Comparative 
Example 


None 


Yes 


0.6kg/cm 



[0058] 

[Effect of the Invention] 

As explained above, according to a printed circuit board 
of the invention, it is possible to prevent the occurrence of cracks 
of the interlaminar insulating layer in the heat cycle and to improve 
connection reliability. 
[Brief Description of the Drawings] 
[Fig. 1h[Fig. 17] 

Flowcharts of a multilayer printed circuit board according 
to the invention. 
[Fig. 18] 

A structure enlarged view of a multilayer printed circuit 
board according to the invention. 
[Fig. 19] 

A structure enlarged view of a multilayer printed circuit 
board according to the invention. 
[Fig. 20] 

A triangular diagram showing the composition of a 
copper-nickel-phosphorus roughened layer. 
[Explanation of the Signs] 

1 substrate 

2 first conductor circuit 

3 electroless copper plated film 

4 electrolytic copper plated film 

5 roughened layer 

6 interlaminar insulating resin layer 
(adhesive layer for electroless plating) 

7 plating resist 
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[Name of the Document] Abstract 
[Subject] 

To prevent cracks due to heat cycle. 

[Solution] 

A conductor circuit is comprised of an electroless plated 
film and an electrolytic plated film, a roughened layer is formed on 
at least a part of the surface of the conductor circuit, and further 
the roughened layer is covered with a metal such as Sn. 
[Selected Drawing] Fig. 18 
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